cm3 flow-through ionization chambers, which were directly inserted to the flow lines of the feed, top and bottom draw-offs, respectively. of the convection-diffusion equation (8) with flow vectors, temperature and density profiles (obtained beforehand at the step (1)) being input. The theory was verified by comparison of experimental data of Ar isotope separation ; the measured dependence of separation factor and separative power on feed rate, cut and/or temperature difference between hot and cold surfaces were predicted fairly well (9) .
The purpose of the present study is to measure a separative characteristics of thermal diffusion column for H2-HT isotope separation and to compare the experimental data with analytical results based on the above theory, where ordinary diffusion coefficient and thermal diffusion factor are obtained by the Chapman-Cowling formula(10)(11) using Lennard- 
Thermal Diffusion Column
The column was hot wire type concentric Hario 32-glass tubes ; the inner tube with an inner radius of 15 mm was used for separation and the outer annulus was for water jacket.
An effective height of the column was 1,500 mm and a feed flow was supplied at the middle-height point. Tritium enriched flow was drawn off at the bottom, while the depleted flow at the top. vibrating reed electrometer with sensitivity of 10-17 A (Takeda Riken: TR8401). The three chambers were in-line connected respectively to feed, top and bottom withdrawal lines, so that the tritium activity in each line could be observed continuously and simultaneously without disturbing internal flows of the column. Outputs from the three electrometers were recorded by a 3-pens servocorder (Graphtec Corp. SR6335).
The mean direct current from the ionization chambers is almost 1.86 x 10-13 A for 200 cm3 of tritium gas with the activity of 1 nCi /cm3. Because a background current of the system was less than 10-15 A, signal outputs around 10-13 are large enough to be measured without correction of background current. A value of 0.9 nCi/cm3 was, therefore, adopted for the tritium activity of the feed flow. A mole fraction of HT of that activity in H2-HT gas mixture then became less than ppb. 
Although a memory effect due to adsorption of tritium to an inner surface of the chamber is usually harmful to measurement of such a small radioactivity, there was no memory effect throughout these measurements.
3. Sequence of Measurement A series of measurements of separation factors was done with cut t, or the ratio of flow rate of HT enriched flow (the lower drawoff) to that of feed, changed from 0.1 to 0.9 with an interval of 0.1, and other operational conditions ; feed rate and temperature difference etc. fixed. After those measurements were performed, the feed rate was altered and the cut was changed in the similar way. In each operational condition , the tritium activities of the top and bottom draw-offs were monitored to check an arrival of steady state operation. The separation factors were usually measured after three times exchange of inner volume (about 1,000 cm3 of the column, two of 200 cm3 of the ionization chamber and two of the line with an inner volume of about 50 cm3 from the draw-off port to the chamber, in total, about 1,500 cm3), or, after a longer period of (750 cm3/tF cm3/min) or 750/(1-t)F min. The pressure and/or the mass conservation within the system was monitored by the output of the ionization chamber of the feed line as well as the pressure gauges. The exact value of the cut was determined by the relation of mass conservation :
such that ( 4 ) III . RESULTS AND DISCUSSION
Startup Characteristics
The separation started when an electric current of 8.35 A* was charged to the hot wire to give Th=500 K (DT=485 K), with the flow rates and cut regulated to the nominal values. Figure 3(a) shows variations of tritium activity of the top and bottom draw-offs of the column in the case F=50 cm3/min and t =0.324.
The separation almost reached within 1 h to a steady state where the tritium activity of the bottom withdrawal was 2.234 times as that of feed while that of the top 1/2.450. In smaller feed rate, the time for reaching to steady state became longer especially when the value of the cut was near zero or unity, as shown in Fig. 3(b) , (c) where F=7 cm3/min and t=0.174 or 0.871. It took more than 1,200 min to reach steady state. Moreover, a phenomena of overshooting of separation was observed in the tine of larger withdrawal ; the overshooting of HT enrichment for t=0.871, while a very small overshooting of HT depletion for t=0.174. Although the overshooting of HT enrichment was large (an apparent a was nearly equal to 1.8, as shown in Fig. 3(c) ), the activity of HT decreased promptly to the steady state value * A current of 9 .34 A was required for DT=-700 K have only one maximum value in the range 0< t <1.
On the contrary, at larger feed rates such as Fig. 4(d) and (e) for F=100 and 160 cm3/min at 25dc, the curves for Fpa, have two local-maximum values in the range. Moreover, the value of cut which gives a maximum value of the separative power decreases gradually from ~0.3 (7 cm3/min) to ~0.1 (160 cm3/min), as the value of F increases. On the other hand, the maximum value of the separative power Fpa(a,b) increases in keeping with F at smaller feed rate, has a maximum value ~17 cm3/min at F=~50 cm3/min and t=~0.25, and decreases gradually with increasing F (~14.5 cm3/min at F=160 cm3/min) because the rate of reduction of pa(a, b) becomes larger than the rate of increase of F.
Because the outputs from the electrometer measuring the ionization current was stable and had a very small fluctuation due to back ground disturbances, errors arising in measurement of a and b were small ; for example, a =2.234+-0.006 (relative error of 0.27%), b= 2.450+-0.035 (relative error of 1.42%). In addition, the relatively large values of a and b reduced an error of the separative power small in spite of error amplification(9) due to the terms (a-1), (b-1) and (ab-1) in Eq. ( 2 ); in the case of the above example, pa= 0.3451 +-0.0044 (relative error of 1.28%).
Comparison with Analytical Results
The experimental data were compared with analytical results* from the two-dimensional axisymmetric separative analysis, where the coefficient of diffusion DAB and the thermal diffusion factor ar were obtained from the kinetic theory of gases (10)(11) ; the second approximation of the Chapman-Cowling formula for DAB and the first approximation of the formula for ar.
A type of intermolecular potential used for the analysis was the Lennard-Jones (12-6) potential, which had been used for the analysis for Ar isotope separation (9) . The intermolecular potential parameters used in the first place for H2 and HT were those of Michels et al. (13) (the same values were adopted for H2 and HT: s=2.959 A, e/k = 36.7 K, k: Boltzmann constant), and the tabulated values by Monchick & Masonc(14) were used through polinomial fittings for quantities involving collision integrals. As shown in Fig.  5(a) in the case of DT =700 K and F=50 cm3/ min at 25dc (48.3 cm3/min at 15 dc), the analytical results were qualitatively in good agreement with those from the experiments but were several times larger than the experimental data, while Fig. 5(b) shows a fairly good agreement between analytical and experimental results in Ar isotope separation, although the agreement through the Lennard-Jones potential was worse (16) than that through the Dymond-Alder potential (15) . Because the analytical and experimental techniques used in H2-HT separation were common to those in Ar isotope separation, the values for DAB and a r were inappropriate.
Thereupon, the values for s and e/k were varied in the neighbor- If the value of sHT is reduced to 1.8 A and (e/k)HT is 35.0 K, the root-mean-square of the difference can be reduced to ~20% in the case of Fig. 5(a) , this value of sHT is different too much from 2.959 A of sH2 and a rational explanation for such a large difference cannot be found. This implies that it is impossible to explain the thermal diffusion factor between H2 and HT molecules by an adoption of certain modifications incorporating spherical asymmetry of molecules within the framework of the Chapman-Cowling approximation scheme, because such modifications do not affect the potential parameters so much. Thus we conclude that the Chapman-Cowling formula with the Lennard-Jones (12-6) potential cannot explain the thermal diffusional separative characteristics of H2-HT isotopes. 
IV. CONCLUSION
Separative characteristics of H2 and HT isotopes were studied for a 1,500 mm-height 
